Crickets in the family Gryllidae are well known for their elaborate mating behaviors; however, behavior of the subfamily Trigonidiinae is poorly understood. A large portion of this clade is endemic to Hawaii, including three genera: Trigonidium, Laupala and Prolaupala. The only Hawaiian genus that has been studied is Laupala, which exhibits unusual nuptial feeding in the form of spermless 'micro' spermatophores. Microspermatophore donation has been suggested to increase sperm transfer, constituting a novel mechanism of mating effort in crickets. We observed mating from representatives of each genus to investigate behavioral diversity and reconstruct character state evolution. We found that Prolaupala species produce microspermatophores during a behavioral sequence very similar to Laupala. Trigonidium do not produce microspermatophores, but exhibit other behavioral strategies that likely function to improve insemination, such as prolonged copulation and post-copulatory guarding. We also observed spermatophore and copulation characteristics that were previously considered unique to other gryllids. Behavioral diversity among the Hawaiian fauna reflects the evolutionarily labile nature of gryllid mating behavior and convergence of behavioral strategies in response to sexual selection. Furthermore, our results suggest that microspermatophore donation may be a common mating effort strategy within Trigonidiinae.
Introduction
True crickets (Orthoptera: Gryllidae) exhibit exceptional diversity in mating behavior and have provided a valuable system for examining evolutionary questions about reproductive strategies. Much of the diversity in courtship and mating reflects different behavioral strategies by males to maximize ejaculate transfer (for reviews, see Gwynne, 1997; Zuk & Simmons, 1997; Vahed, 1998) . Studies of male mating effort in crickets have significantly advanced our understanding of sperm competition (Simmons, 2001) , cryptic female choice (Eberhard, 1996) , inter-sexual conflict (Sakaluk et al., 2006) and sensory exploitation (Sakaluk, 2000) . However, compared to the large number of described species, relatively few mating systems have been studied in detail, which suggests that our knowledge of cricket behavioral strategies is limited.
In most crickets, the typical mating sequence involves long-distance acoustic attraction via male song, which is followed by brief courtship, spermatophore transfer through copulation and post-copulatory guarding behaviors (Alexander & Otte, 1967; Loher & Dambach, 1989; Gwynne, 1995) . During courtship, the male cerci are directed towards the female. Prior to copulation, the male performs vibratory movements (a vibration, swaying or jerking of the body) and forewing stridulation (singing) before moving into the copulatory position (the physical arrangement of the partners when the male and female genitalia are in contact). A spermatophore is transferred during copulation such that the sperm-containing portion of the spermatophore, the ampulla, remains external to the female and the sperm tube is inserted into her reproductive tract. After copulation, the pair engages in a stationary position, during which the male guards the female. After a period of time, females remove and consume the spermatophore. Most crickets species copulate repeatedly if not interrupted, thereby transferring several spermatophores (Alexander & Otte, 1967) .
In their landmark paper, Alexander & Otte (1967) studied components of sexual behavior among nine subfamilies of Gryllidae and documented extensive variation between subfamilies and genera; however, characteristics did not greatly differ between closely related species. Alexander & Otte (1967) drew conclusions about the polarity of several characters. For example, in many taxa, males provide nuptial gifts that females feed upon at different points in the mating sequence including dorsal secretions, extra spermatophore components and body parts. They suggest that the male dorsal gland
